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PROBLEM TO BE SOLVED: To produce lithium manganese spinel oxide particulate powder capable of 
being fired in a short time, having a narrow particle size distribution and useful as a material for a 
positive electrode active material. 

SOLUTION: An aq. soln. of manganese acetate is spray-dried and the resultant dry powder is thermally 
decomposed at 350-500 deg.C in an oxygen-contg. gas to prepare manganese oxide particulate 
powder. This manganese oxide particulate powder is mixed with a lithium compd., 1-10 wt.% water is 
added to the powdery mixture and the water-contg. powdery mixture is compression- molded to form a 
molding having >=2 g/cc molding density. This molding is fired in an oxygen-contg. gas and 
comminuted. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention can be calcinated in more detail about the manufacture 
method of spinel oxide particle powder in a short time, and particle size distribution are narrow, and crystallinity is 
high and is related with the manufacture method of lithium manganese spinel oxide particle powder useful especially a: 
a positive active material of a lithium cell, lithium nickel manganese spinel oxide particle powder, and lithium 
chromium manganese spinel oxide particle powder. 
[0002] 

[Description of the Prior Art] In recent years, the need of the cell as the power supply is increasing with development o 
portable devices, such as a personal computer and a cellular phone. Especially a litiiium cell originates in it being the 
matter with large ionization energy small [ a lithium / atomic weight ], its electromotive force is high, and since the cell 
in which the formation of high-energy density is possible is expectable, research is done briskly [ every direction ]. 
Research of the lithium cobalt oxide (LiCo02) as a positive active material used for a lithium cell which can generate 
the about [ 4V ] high voltage, a lithium nickel oxide (LiNi02X a lithium manganese spinel oxide (Lil+X Mn2-X 04), 
etc. is done briskly. These multiple oxides mix the oxide raw material powder and lithium compound powder 
containing cobalt, nickel, and manganese, and are obtained by calcinating at the elevated temperature of 500 degrees C 
or more. 

[0003] However, in this elevated-temperature calcinating method, it is required for the reactivity of the cobalt oxide of 
solid phase reaction time, nickel oxide, and manganese oxide particle powder to calcinate a low sake for a long time, 
and a lithium evaporates by prolonged baking in this elevated temperature. Therefore, a lithium suffers a loss and there 
is a problem that the lithium cobalt oxide of the quality by which composition tended to change and was stabilized, a 
lithium nickel oxide, and a lithium manganese spinel oxide are hard to be obtained. 

[0004] Moreover, these multiple oxides make it distribute in a binder, make metal plates, such as copper, apply and dry 
tiie powder, and are used as a positive electrode of a cell. Since powder particles are welding firmly the multiple oxide 
which calcinated for a long time and was made to generate at an elevated temperature, in order to consider as enough 
powder to use it as a positive active material, powerful pulverization is needed, energy cost not only becomes high, but 
it wears the medium of pulverization out and the trouble of mixing into multiple-oxide powder is pointed out. 
[0005] Furthermore, although these positive-active-material powder is distributed in a binder, metal plates, such as 
copper, are applied and dried and it is used as a positive electrode of a cell, it is so important that the degree of 
restoration of the particle powder in the inside of a paint film is high that the capacity of a cell is high and the particle 
form of a multiple oxide and grain size have gathered from the bird clapper. 

[0006] Moreover, it sets into such lithium cell positive-electrode material, and a lithium ion inserts and ****s 
electrochemically to the ion site in a crystal lattice in the case of charge and discharge. In the positive-electrode 
material of the rechargeable battery with which repeat charge and discharge are performed, when a lithium ion repeats 
insertion and desorption electrochemically to the ion site in a crystal lattice and a crystal lattice deforms, the ion site 
where a lithium ion can exist, or the conduction path of the lithium ion of a under [ a crystal ] will tend to disappear, 
consequently electrochemical reversibility, i.e., the cycle property of charge and discharge, will deteriorate. The cell 
positive-electrode material which can acquire the cycle property of good charge and discharge in this way is called on 
to be crystalline high particle powder. 

[0007] Furthermore, as a positive active material for high voltages which the cell made to generate higher 
electromotive force is also called for, for example, can generate the about [ 5V ] high voltage, it is the lithium 
manganese spinel oxide 4, i.e., Lil+X Mn2-X O. The material which replaced a part of Mn by nickel or Cr is studied 
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briskly. Compounds, such as these lithium nickel manganese spinel oxides (Lil-f-X Mn2-X-y Niy 04) and a lithium 
chromium manganese spinel oxide (Lil+X Mn2-X-y Cry 04), mix the oxide raw material powder and lithium 
compound powder containing nickel, or Cr and Mn, and are obtained by calcinating at the elevated temperature of 500 
degrees C or more. However, the oxide raw material powder and lithium compound powder containing these Cr(s), 
nickel, and Mn are mixed, if it is in the particle powder obtained by calcinating at the elevated temperature of 500 
degrees C or more, the metal ion distribution in particle powder is hard to be called homogeneity, and, for this reason, 
sufficient high-voltage property is not acquired. In this way, the distribution of a metal ion is uniform in particle 
powder, and positive-active-material particle powder with which sufficient high-voltage property is acquired is 
demanded strongly. 

[0008] It is useful as a charge of positive-active-material material, and is comparatively obtained from the above 
backgrounds by short-time baking at low temperature, and, moreover, the manufacture method of crystalline high 
lithium manganese spinel oxide particle powder with narrow and particle size distribution, lithium nickel manganese 
spinel oxide particle powder, and lithium chromium manganese spinel oxide particle powder is searched for. 
[0009] 

[Problem(s) to be Solved by the Invention] Then, this invention is low temperature comparatively, and it aims to let 
particle size distribution offer the method of manufacturing a narrow and lithium manganese spinel oxide useful 
especially as a positive active material of a lithium cell with high crystallinity, a lithium nickel manganese spinel oxide 
and a lithium chromium manganese spinel oxide while it is compoundable with a short-time baking reaction. 
[0010] 

[Means for Solving the Problem] Namely, the 1st of this invention carries out spray drying of the manganese acetate 
solution, pyrolyzes this dryness powder at 350-500 degrees C among oxygen content gas, and prepares manganic acid 
ghost particle powder. Mix this manganic acid ghost particle powder and lithium compound, and 1 - 10% of the weight 
of moisture is added to this end of mixed powder. Compression molding of this end of moisture content mixed powder 
is carried out, a molding object with a molding density of 2g [/cc ] or more is acquired, and the manufacture method of 
the lithium manganese spinel oxide particle powder characterized by grinding after calcinating this molding object in 
oxygen content gas is made into the contents. In the above-mentioned invention, the ranges of the mixed rate of 
manganic acid ghost particle powder and a lithium compound of a desirable mode are 0.50-0.65 in a Li/Mn mole ratio. 
[001 1] Spray drying of the manganese acetate solution containing the 2nd nickel acetate of this invention or the 
chromium acetate is carried out. Pyrolyze this dryness powder at 350-500 degrees C among oxygen content gas, and 
nickel or chromium content manganic acid ghost particle powder is prepared. This nickel or chromium content 
manganic acid ghost particle powder, and a lithium compound are mixed. Add 1 - 10% of the weight of moisture to thi: 
end of mixed powder, carry out compression molding of this end of moisture content mixed powder, and a molding 
object with a molding density of 2g [/cc ] or more is acquired. The manufacture method of the lithium manganese 
spinel oxide particle powder characterized by grinding after calcinating this molding object in oxygen content gas, or 
lithium chromium manganese spinel oxide particle powder is made into the contents. In the above-mentioned 
invention, the mixed rate of nickel or chromium content manganic acid ghost particle powder, and a lithium compound 
is Li/(Mn+nickel), or Li/(Mn+Cr) mole ratio, and the ranges of a desirable mode are 0.50-0.65. 
[0012] 

[Embodiments of the Invention] First, the nickel or the chromium content manganic acid ghost particle powder which 
the manganic acid ghost particle powder used for this invention carries out spray drying of the manganese acetate 
solution, and is obtained by pyrolyzing this dryness powder at 350-500 degrees C among oxygen content gas, for 
example, air, and is used for this invention carries out spray drying of the manganese acetate solution containing the 
nickel acetate or the chromium acetate, pyrolyzes this dryness powder at 350-500 degrees C among oxygen content 
gas, for example, air, and is obtained. The reactivity of the oxide particle powder with which pyrolysis temperature vAl. 
be obtained if the oxide particle powder of composition that less than 350 degrees C of the pyrolysis of manganese 
acetate are insufficient and uniform is hard to be obtained and exceeds 500 degrees C on the other hand falls. Although 
especially the concentration of manganese acetate solution is not restricted, about 10 - 30 % of the weight is usually 
usually desirable from the point of operability and economical efficiency from the reason nil why it is desirable and the 
nickel acetate of manganese acetate solution or the concentration of a chromium acetate also has about 10-30 same % 
of the weight. What is necessary is not to restrict especially spray drying but just to perform it by the conventional 
method, as a lithium compound used for this invention, lithium-carbonate, lithium-oxide, lithium-hydroxide, and 
lithium-hydroxide 1 hydrate etc. is mentioned, and these are independent ~ or two or more sorts are combined and it is 
used 

[0013] The mixing ratio of the lithium compound in this invention and manganic acid ghost particle powder has the 
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desirable range of 0.50-0,65 at the mole ratio of a lithium, manganese (Li/Mn) and a lithium, manganese and nickel [Li 
(Mn+nickel)], a lithium, manganese, and chromium [Li/(Mn+Cr)]. The manganic acid ghost which is not a positive 
active material remains besides the lithium manganese spinel oxide made into the purpose when lithiums run short 
rather than the above-mentioned range, a lithium nickel manganese spinel oxide, and a lithium chromium manganese 
spinel oxide, and since it is very difficult to remove this manganic acid ghost, when a positive electrode is constituted 
using the particle powder containing this, a good cell property, i.e., the electrochemical activity in the electrolytic 
solution which has lithium ion conductivity, is hard to be acquired. On the other hand, when a lithium is more 
superfluous than the above-mentioned range The matter which is not a positive active material besides the target 
lithium manganese spinel oxide, a lithium nickel manganese spinel oxide, and a lithium chromium manganese spinel 
oxide. For example, a lithium carbonate or Li2 Mn03 It exists and they are these lithium carbonates and Li2 Mn03. 
Since it is very difficult to remove, when a positive electrode is constituted using the particle powder containing these, 
a good cell property and electrochemical activity are hard to be obtained similarly. 

[0014] Next, after making 1- 10% of the weight of moisture contain to the mixed-powder end of manganic acid ghost 
particle powder and a lithium compound, carrying out compression molding of this end of mixed powder by the 
extrusion briquetting machine, the roller compactor, the disk pelleter, etc. and creating a molding object with a molding 
density of 2g [/cc ] or more, it calcinates in oxygen content gas, for example, air. since the intensity of a molding objec 
is not enough, when it is it hard to handle that the amount of moisture is less than 1 % of the weight to the end of mixec 
powder — molding ~ since variation arises in the pressed density in the inside of the body, this becomes a cause and th< 
particle size distribution of the lithium manganese spinel oxide particle powder ground and obtained after baking, 
lithium nickel manganese spinel oxide particle powder, and lithium chromium manganese spinel oxide particle powder 
become large On the other hand, if moisture exceeds 10 % of the weight, a water-soluble lithium compound will tend t< 
flow out, composition changes, and the stability of the quality of lithium manganese spinel oxide particle powder, 
lithium nickel manganese spinel oxide particle powder, and lithium chromium manganese spinel oxide particle powder 
is missing. 

[0015] Moreover, since grain growth of a lithium manganese spinel oxide, a lithium nickel manganese spinel oxide, 
and a lithium chromium manganese spinel oxide is not enough when molding density calcinates a less than 2g [/cc ] 
molding object, objects with the enough degree of restoration in the film when considering as an application film are 
not obtained. Although especially the upper limit of molding density is not restricted, since manufacture will become 
difficult if it becomes not much large, 3.5g /is [ cc ] usually about 2.5g/cc preferably. 

[0016] The range of 400-800 degrees C of burning temperature in the end of mixed powder in this invention is usually 
500-750 degrees C preferably, and the firing time is usually 5-10 hours preferably for 2 to 20 hours. When burning 
temperature is less than 400 degrees C, prolonged baking is needed for obtaining tfie spinel single phase of Li-Mn, Li- 
Mn-nickel, or Li-Mn-Cr. Moreover, a crystalline good particle is hard to be obtained and, for this reason, sufficient cell 
property may not be shown, moreover, the case where burning temperature exceeds 800 degrees C ~ except for the 
spinel oxide of Li-Mn, Li-Mn-nickel, or Li-Mn-Cr ~ Li2 Mn03 etc. — in order that a compound may generate and mix 
the particle which shows sufficient cell property is hard to be obtained The calcinated molding object is pulverized and 
let it be particle powder. Especially the pulverization method is not restricted but the usual pulverization method is 
used. The lithium manganese spinel oxide which are obtained by carrying out like the above, a lithium nickel 
manganese spinel oxide, and a lithium chromium manganese spinel oxide They are Lil+x Mn2-x 04, Lil+X Mn2-X-y 
Niy 04, and Lil+X Mn2-X-y Cry 04, respectively. It is expressed and the range of x of 0-0.5 is [ the range of 0-0.1 ] 
suitable for y from the point of a cell property from the point of a cell property again. 
[0017] 

[Function] In this invention, the most important point carries out spray drying of the manganese acetate solution. 
Pyrolyze this dryness powder at 350-500 degrees C among oxygen content gas, and manganic acid ghost particle 
powder is prepared. A lithium compound is mixed to this, using this manganic acid ghost particle powder as a 
manganese raw material. By making 1 - 10% of the weight of moisture contain to this end of mixed powder, carrying 
out consolidation molding of this end of mixed powder, creating a molding object with a molding density of 2g [/cc ] o 
more, and calcinating in oxygen content gas after that It is the fact of the ability to make a crystalline high lithium 
manganese spinel oxide generate that the target particle size distribution gathered, by completing the reaction for a 
short time, and grinding after an appropriate time. 

[0018] Moreover, spray drying of the manganese acetate solution containing the nickel acetate or the chromium acetate 
is carried out. The manganic acid ghost particle powder which pyrolyzed this dryness powder at 350-500 degrees C 
among oxygen content gas, and contained nickel or chromium is prepared. The manganic acid ghost particle powder 
containing this nickel or chromium is used as a manganese raw material. By mixing a lithium compound to this, 
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making 1 - 10% of the weight of moisture contain to this end of mixed powder, carrying out compression molding of 
this end of mixed powder, creating a molding object with a molding density of 2g [/cc ] or more, and calcinating in 
oxygen content gas after that It is the fact of the ability to make a crystalline high lithium nickel manganese spinel 
oxide and a lithium chromium manganese spinel oxide generate that the target particle size distribution gathered, by 
completing the reaction for a short time, and grinding after an appropriate time. 

[0019] Generally it is thought that the solid phase reaction at the time of baking advances according to the counter 
diffusion in the contact of raw material powder particles. In the case of the manganic acid ghost to which this invention 
persons contained a lithium compound, a manganic acid ghost and a lithium compound, nickel, or chromium Are more 
sharply [ than the melting point of the manganic acid ghost to which the melting point of a lithium contained a 
manganic acid ghost, nickel, or chromium ] low. I think that the diffusion of a lithium is easier than diffusion of 
transition metals, such as manganese, and a reaction advances by being spread into the manganic acid ghost particle to 
which the lithium mainly contained a manganic acid ghost particle, nickel, or chromium. When based on this idea, 
selection of the manganic acid ghost particle containing a manganic acid ghost particle, nickel, or chromium was more 
important than the lithium compound, and by this, the reaction was completed for a short time, and it was considered 
that it can make the crystalline high lithium manganese spinel oxide to which the target particle size distribution were 
equal, a lithium nickel manganese spinel oxide, and a lithium chromium manganese spinel oxide generate. 
[0020] And if carry out spray drying of the manganese acetate solution, this dryness powder is pyrolyzed at 350-500 
degrees C among air, manganic acid ghost particle powder manganese is prepared and this manganic acid ghost parti ch 
powder is variously used as a manganese raw material as a result of examination The reaction with a lithium was able 
to advance promptly at the time of baking, namely, the reactivity of a manganese raw material was able to improve, the 
reaction was able to be completed in a short time, and, moreover, the crystalline high lithium manganese spinel oxide 
was able to be made to generate. Moreover, spray drying of the manganese acetate solution containing the nickel 
acetate or the chromium acetate is carried out. If this dryness powder is pyrolyzed at 350-500 degrees C among air, 
nickel or chromium content manganic acid ghost particle powder is prepared and this nickel or chromium content 
manganic acid ghost particle powder is used as a manganese raw material The reactivity of a reaction v^th a lithium of 
advance, i.e., a manganese raw material, was able to improve promptly at the time of baking, the reaction was able to 
be completed in a short time, and, moreover, the crystalline high lithium nickel manganese spinel oxide and the lithium 
chromium manganese spinel oxide were able to be made to generate. 

[0021] The reactivity of a manganese raw material improves by the method of this invention, and the reaction is 
completed for a short time. And a crystalline high lithium manganese spinel oxide, a lithium nickel manganese spinel 
oxide. Although it is not yet clear about the reason for the ability to m^e a lithium chromium manganese spinel oxide 
generate It is thought that it originates in the manganic acid ghost particle powder, the nickel, or the chromium content 
manganic acid ghost particle powder prepared by the method of this invention having very high purity, and its high 
impurity concentration, such as alkali metal and alkaline earth metal, being remarkably low. furthermore, in the 
manganic acid ghost particle powder which carried out spray drying of the manganese acetate solution containing the 
nickel acetate or the chromium acetate, and was prepared by the pyrolysis Since the state in the inside of the solution 
with which nickel or chromium, and manganese were mixed by the ionic state is held, Homogeneity is extremely 
excellent and originates in the homogeneity in the inside of this raw material powder. It is thought that it is based on th< 
ability of the particle powder which had a uniform metal ion distribution also in the lithium nickel manganese spinel 
oxide obtained and the lithium chromium manganese spinel oxide to be made to generate. 

[0022] Moreover, it is thought that raw material powder is rich in reactivity, and by making 1 - 10% of the weight of 
moisture contain to the end of mixed powder, carrying out compression molding of this end of mixed powder, and 
creating a molding object with a molding density of 2g [/cc ] or more that the lithium manganese spinel oxide particle 
to which particle size distribution were equal, a lithium nickel manganese spinel oxide particle, and a lithium chromiun 
manganese spinel oxide particle generate. Since it is hard to slide on particle powder with the dry powder which does 
not contain moisture, therefore is hard to transmit a compression pressure to the whole system uniformly in the case of 
compression molding, the variation in pressed density arises. On the other hand, since particle powder becomes easy to 
be slippery in a system by including the moisture of the amount of specification, a compression pressure transmits to 
the whole system uniformly and a uniform molding object is made, it is thought that it becomes that to which the 
particle size distribution of the lithium manganese spinel oxide particle which calcinates it and is obtained, a lithium 
nickel manganese spinel oxide particle, and a lithium chromium manganese spinel oxide particle were equal. 
[0023] 

[Example] Hereafter, although this invention is explained still in detail based on an example, this invention is not 
limited only to these examples. In addition, the X diffraction (RIGAKU, Mn-filtered Fe-Kalpha, 40kV and 20mA) 
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investigated identification of resultant powder, and its crystal structure. Moreover, the gestalt of a particle was observe( 
by scanning-electron-microscope observation. 

[0024] Spray drying of the example 1 <manufacture of lithium manganese spinel oxide> manganese acetate solution 
(concentration =20 % of the weight) was carried out, this dryness powder was pyrolyzed at 400 degrees C among air, 
and manganic acid ghost particle powder was prepared. Weighing capacity of the this manganic acid ghost particle 
powder and lithium -hydroxide 1 hydrate [Li(OH) H2 O] was carried out so that it might be set to mole-ratio 
,Li/Mn=0,52, it was mixed mechanically, and 5% of the weight of moisture was sprayed to the end of mixed powder it 
was obtained. Compression molding of this end of mixed powder was carried out with the roller compactor, and the 
molding object with a molding density of 2.2g [/cc ] was created. This molding object was put into the electric furnace, 
and it heated at 700 degrees C, and was made to react in air for 10 hours. The mortar ground the acquired molding 
object and black powder was obtained, it is lithium manganese spinel oxide (Lil+X Mn2-X 04) powder, and has good 
crystallinity, and the particle is shown in the scanning-electron-microscope photograph of drav^ng 2 as the obtained 
black powder is shown in the X diffraction view of drav^ng 1 - as - grain size ~ having gathered . 
[0025] The electrochemistry property as an electrode active material was evaluated by the potential sweep method 
about <evaluation of an electrochemistry property>, next the lithium manganese spinel oxide obtained as mentioned 
above. As a positive-electrode electrode for measurement, the polytetrafluoroethylene was mixed as a binder, 
KETCHDEN black was mixed to the lithiuni manganese spinel oxide 5% of the weight as electric conduction material 
20% of the weight, and 0. Ig weighing capacity of this mixture was carried out to it, and the mesh of titanium was fillec 
up as a charge collector and it considered as the working electrode. A stainless steel mesh was filled up with the metal 
lithium foil as a negative-electrode electrode. Furthermore, the lithium metal was used as a reference electrode. LiPF6 
What was dissolved by the concentration of IM was used as an electrolyte into the solvent which mixed ethylene cull 
BONETO and methylethyl cull BONETO to 1 : 1 by the volume ratio. 

[0026] The electrochemistry measurement cell was constituted using the above positive-electrode working electrode fo 
measurement, the negative electrode, the reference electrode, and the electrolyte. This electrochemical cell is used and 
they are the potential range of 3.0-4.2V, and current 0.5 mA/cm2 at metal lithium electrode criteria. The charge-and- 
discharge curve was investigated. As an index of the electrochemical activity of this lithium manganese spinel oxide, 
when the electric capacity of this charge and discharge was calculated, it was 122 mAh/g. Reaction generation 
conditions and the acquired property of a resultant were shown in Table 1. 

[0027] Resultant powder was obtained like the aforementioned example 1 except having changed various the kind, the 
content moisture contents, the molding densities, burning temperature, and time of examples 2-5, the example 1 of 
comparison - 4 manganic-acid ghost raw material The reaction generation conditions at this time and the acquired 
property of a resultant were shown in Table 1. Each particle powder obtained in the examples 2-5 had structure of the 
same type as a lithium manganese spinel oxide (Lil+X Mn2-X 04), crystallinity was high and the bird clapper was 
accepted from the particle to which particle size distribution are equal. On the other hand, the particle powder obtained 
in the example 1 of comparison was the mixture of a lithium manganese spinel oxide and a manganic acid ghost 
(gamma-Mn 203). The particle powder obtained in the example 2 of comparison was the mixture of a lithium 
manganese spinel oxide and a lithium manganic acid ghost (Li2 Mn03). Although the particle powder obtained in the 
example 3 of comparison had structure of the same type as a lithium manganese spinel oxide, it consisted of a particle 
whose particle size distribution are not regular. Although the particle powder obtained in the example 4 of comparison 
was a lithium manganese spinel oxide, crystallinity was low particle powder. The electric capacity of the charge and 
discharge investigated like the aforementioned example 1 was shown in Table 1. It turns out that the outstanding 
lithium manganese spinel oxide in which the electric capacity of the charge and discharge at the time of using the 
lithium manganese spinel oxide obtained in the examples 1-5 from these results shows the big value to compared with 
the thing of the examples 1-4 of comparison, and high electrochemical activity is shown by this invention is obtained. 
[0028] 
[Table 1] 
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[0029] Spray drying of the mixed-water solution (concentration =20 % of the weight, nickel/Mn=l/4) of example 6 
<manufacture of lithium nickel manganese spinel oxide> nianganese acetate and a nickel acetate was carried out, this 
dryness powder was pyrolyzed at 400 degrees C among air, and manganese-nickel multiple-oxide particle powder was 
prepared. Weighing capacity of the this manganese-nickel multiple-oxide particle powder and lithium-hydroxide 1 
hydrate [Li(OH) H2 O] was carried out so that it might be set to mole-ratio Li/(Mn+nickel) =0.52, mechanically, it 
mixed and 5% of the weight of moisture was sprayed to the end of mixed powder it was obtained. Compression 
molding of this end of mixed powder was carried out, and the molding object with a molding density of 2.0g [/cc ] was 
created. This molding object was put into the electric furnace, and it heated at 650 degrees C, and was made to react in 
air for 10 hours. The mortar ground the acquired molding object and black powder was obtained, the obtained black 
powder ~ the result of an X diffraction view ~ lithium nickel manganese spinel oxide (Lil+X Mn2-X-y Niy 04) 
powder ~ it is ~ good crystallinity ~ having --**** — the particle ~ scanning-electron-microscope observation to graii 
size ~ having gathered . 

[0030] The electrochemistry property as an electrode active material was evaluated by the potential sweep method 
about <evaluation of an electrochemistry property >, next the lithium nickel manganese spinel oxide obtained as 
mentioned above. As a positive-electrode electrode for measurement, the polytetrafluoroethylene was mixed as a 
binder, KETCHIEN black was mixed to the lithium nickel manganese spinel oxide 5% of the weight as electric 
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conduction material 20% of the weight, and 0. Ig weighing capacity of this mixture was carried out to it, and the mesh 
of titanium was filled up as a charge collector and it considered as the working electrode. A stainless steel mesh was 
filled up with the metal lithium foil as a negative-electrode electrode. Furthermore, the lithium metal was used as a 
reference electrode. LiPF6 What was dissolved by the concentration of IM was used as an electrolyte into the solvent 
which mixed ethylene cull BONETO and methylethyl cull BONETO to 1 : 1 by the volume ratio. 
[003 1] The electrochemistry measurement cell was constituted using the above positive-electrode working electrode fo 
measurement, the negative electrode, the reference electrode, and the electrolyte. This electrochemical cell is used and 
they are the potential range of 3.0-4.9V, and current 0.5 mA/cm2 at metal lithium electrode criteria. The charge-and- 
discharge curve was investigated. As an index of the electrochemical activity of this lithium nickel manganese spinel 
oxide, when the electric capacity of this charge and discharge was calculated, it was 100 mAh/g. Reaction generation 
conditions and the acquired property of a resultant were shown in Table 2. 

[0032] Resultant powder was obtained like the aforementioned example 6 except having changed various the kind of 
examples 7-10, example 5 of comparison - 8 manganese-nickel multiple-oxide raw material, a content moisture 
content, molding density, burning temperature, and firing times. The reaction generation conditions at this time and the 
acquired property of a resultant were shown in Table 2. Each particle powder obtained from Table 2 in the examples 6- 
10 had structure of the same type as a lithium nickel manganese spinel oxide (Lil+X Mn2-X-y Niy 04), crystallinity 
was high and the bird clapper was accepted from the particle to which particle size distribution are equal. On the other 
hand, the powder obtained in the example 5 of comparison was the mixture of a lithium nickel manganese spinel oxide 
and a nickel oxide (NiO). The particle powder obtained in the example 6 of comparison was the mixture of a lithium 
nickel manganese spinel oxide and a lithium manganic acid ghost (Li2Mn03). Although the particle powder obtained 
in the example 7 of comparison had structure of the same type as a lithium nickel manganese spinel oxide, it consisted 
of a particle whose particle size distribution are not regular. Although the particle powder obtained in the example 8 of 
comparison was a lithium nickel manganese spinel oxide, crystallinity was low particle powder. The electric capacity 
of the charge and discharge investigated like Ae aforementioned example 6 was shown in Table 2. It turns out that the 
outstanding lithium nickel manganese spinel oxide in which the electric capacity of the charge and discharge at the timi 
of using the lithium nickel manganese spinel oxide obtained in the examples 6-10 from these results shows the big 
value to compared v^th the thing of the examples 5-8 of comparison, and high electrochemical activity is shown by thii 
invention is obtained. 
[0033] 
[Table 2] 
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[0034] examples 1 1-14 and the mixed-water solution (concentration = ~ 20% of the weight) of the example 9-12 
<manufacture of lithium chromium manganese spinel oxide> manganese acetate of comparison, and a nickel acetate 
nickel/Mn=l/4 ~ replacing with ~ the mixed- water solution (concentration = ~ 20% of the weight) of manganese 
acetate and a chromium acetate Resultant powder was obtained like the aforementioned example 6 except having 
changed various the kind, the content moisture contents, the molding densities, burning temperature, and time of the 
manganese.-chromium multiple-oxide raw material prepared using Cr/Mn=l/4. The reaction generation conditions at 
this time and the acquired property of a resultant were shown in Table 3. Each particle powder obtained in the 
examples 11-14 had structure of the same type as a lithium chromium manganese spinel oxide (Lil+X Mn2-X-y Cry 
04), crystallinity was high and the bird clapper was accepted from the particle to which particle size distribution are 
equal. On the other hand, the particle powder obtained in the example 9 of comparison was the mixture of a lithium 
chromium manganese spinel oxide and a manganic acid ghost (gamma-Mn 203). The particle powder obtained in the 
example 10 of comparison was the mixture of a lithium chromium manganese spinel oxide and a lithium manganic aci( 
ghost (Li2 Mn03). Although the particle powder obtained in the example 1 1 of comparison had structure of the same 
type as a lithium chromium manganese spinel oxide, it consisted of a particle whose particle size distribution are not 
regular. Although the particle powder obtained in the example 12 of comparison was a lithium chromium manganese 
spinel oxide, crystallinity was low particle powder. 

The electric capacity of the charge and discharge investigated like the aforementioned example 6 was shown in the 
<evaluation of electrochemistry property> table 3. It turns out that the outstanding lithium chromium manganese spinel 
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*oxide in which the electric capacity of the charge and discharge at the time of using the lithium chromium manganese 
spinel oxide obtained in the examples 1 1-14 from these results shows the big value to compared with the thing of the 
examples 9-12 of comparison, and high electrochemical activity is shown by this invention is obtained. 
:0035] ' 
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[0036] 

[Effect of the Invention] According to this invention, moreover, it is possible to offer the crystalline high lithium 
manganese spinel oxide particle powder to which grain size was equal with short-time baking, lithium nickel 
manganese spinel oxide particle powder, and lithium chromium manganese spinel oxide particle powder. Moreover, it 
acts as a positive active material of a lithium cell, and the lithium manganese spinel oxide particle powder obtained by 
this invention, lithium nickel manganese spinel oxide particle powder, and lithium chromium manganese spinel oxide 
particle powder have high electromotive force, and it is useful as a charge of positive-active-material material of the 
lithium cell in which the formation of high-energy density is possible. 



[Translation done.] 
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•♦NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Carry out spray drying of the manganese acetate solution, pyrolyze this dryness powder at 350-500 degrees ( 
among oxygen content gas, and manganic acid ghost particle powder is prepared. Mix this manganic acid ghost particle 
powder and lithium compound, and 1 - 10% of the weight of moisture is added to this end of mixed powder. The 
manufacture method of tiie lithium manganese spinel oxide particle powder which carries out compression molding of 
this end of moisture content mixed powder, and is characterized by grinding after acquiring a molding object with a 
molding density of 2g [/cc ] or more and calcinating this molding object in oxygen content gas. 
[Claim 2] The manufacture method according to claim 1 that the ranges of the mixed rate of manganic acid ghost 
particle powder and a lithium compound are 0.50-0.65 in a Li/Mn mole ratio. 

[Claim 3] Spray drying of the manganese acetate solution containing the nickel acetate or the chromium acetate is 
carried out. Pyrolyze this dryness powder at 350-500 degrees C among oxygen content gas, and nickel or chromium 
content manganic acid ghost particle powder is prepared. This nickel or chromium content manganic acid ghost partich 
powder, and a lithium compound are mixed. Add 1 - 10% of the weight of moisture to this end of mixed powder, carry 
out compression molding of this end of moisture content mixed powder, and a molding object with a molding density 
of 2g [/cc ] or more is acquired. The manufacture method of the lithium manganese spinel oxide particle powder 
characterized by grinding after calcinating this molding object in oxygen content gas, or lithium chromium manganese 
spinel oxide particle powder. 

[Claim 4] The manufacture method according to claim 3 that the ranges of the mixed rate of nickel or chromium 
content manganic acid ghost particle powder, and a lithium compound are 0.50-0.65 in Li/(Mn+nickel), or Li/(Mn+Cr) 
mole ratio. 



[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fww6,ip^^ 8/14/0: 



